Background: Our objective was to investigate the impact of socioeconomic status and subjective social class on health-related quality of life (HRQOL) vs. overall quality of life (QOL). Methods: We performed a longitudinal analysis using data regarding 8250 individuals drawn from the Korean Longitudinal Study of Aging (KLoSA). We analyzed differences between HRQOL and QOL in individuals of various socioeconomic strata (high, middle, or low household income and education levels) and subjective social classes (high, middle, or low) at baseline (2009). Results: Individuals with low household incomes and of low subjective social class had the highest probability of reporting discrepant HRQOL and QOL scores (B: 4.796; P < 0.0001), whereas individuals with high household incomes and high subjective social class had the lowest probability of discrepant HRQOL and QOL scores (B: −3.625; P = 0.000). Similar trends were seen when education was used as a proxy for socioeconomic status. Conclusion: In conclusion, both household income/subjective social class and education/subjective social class were found to have an impact on the degree of divergence between QOL and HRQOL. Therefore, in designing interventions, socioeconomic inequalities should be taken into account through the use of multi-dimensional measurement tools.
Background
Differences in socioeconomic status (SES), as assessed by income or educational achievement, are associated with large disparities in health status [1] . In Western European countries and in the U.S, the association between SES and health follows a common pattern [2] [3] [4] : the lower individuals are with respect to SES, the poorer their state of health. Similar results have been obtained in different countries, irrespective of cultural background or economic growth [5] . The association between SES and health outcomes persists across the life cycle [6] and across multiple measures of health, including health status [7] , morbidity [8] , mortality [9] , self-assessed health [3, 10] , and disease prevalence [11] .
Many investigators find it difficult to ascertain which measures of SES are valid, which can be applied to multiple outcomes, and which are most relevant for specific conditions. In addition, while most researchers understand they must control for the effects of SES when analyzing health outcomes, many regard different measures of SES as interchangeable. In reality, education and income capture different aspects of social position and, thus, have distinctive characteristics [12] . For example, income is sensitive to changes in life circumstances and time, resulting in age limitations. Meanwhile, education is known to influence one's ability to make informed decisions [13] . For example, previous research indicates that a higher level of education is associated with increased understanding of prostate health [14] and reduced pelvic function distress [15] .
Disparities in health outcomes may stem from discordant social comparisons [16] [17] [18] ; in wealthier countries, it has been argued, it is not economic level per se, but the distribution of income and wealth that is most important for the health status of a population [19] . Previous research suggests that subjective social class most accurately captures subtle aspects of social status, as it taps into psychosocial processes influenced by one's social context [20] . Subjective social class has been found to better predict current physical and mental health (i.e., depression, negative affect, pessimism, reported stress, and general health ratings [17, 21] ), and even mortality [17, 22] .
In the last two decades, as populations have aged and the burden of chronic diseases has grown heavier, researchers have paid increasing attention to both quality of life (QOL) and health-related quality of life (HRQOL). Previous research [23] indicates that an individual's subjective perception of their physical health, psychological health, social functioning, and environment, or "subjective quality of life", is an independent determinant of wellness and disease burden. SES measures, such as income and education, have the potential to impact both HRQOL and QOL [24] , and they have also been found to influence an individual's life opportunities [25, 26] . Life opportunities can manifest in various ways, such as in the availability of healthcare resources or in an individual's perception of his or her HRQOL, defined as the impact of a specific illness, injury, medical treatment, or health services policy on QOL [27] . QOL is used to describe a person's general well-being. The World Health Organization QOL Group defines QOL [28] as: "Individuals' perception of their position in life in the context of the culture and the value systems in which they live in relation to their goals, expectations, standards and concerns." It is a broad concept, reflecting the fact that QOL may be affected in a complex manner by individuals' physical health, psychological state, level of independence and social relationships, all of which represent salient features of the environment. Thus, the concept of HRQOL is often used to assess the impact of illness on QOL [29] .
A previous cross-sectional study [30] investigated whether quality of life (BREAST-Q) and health-related quality of life (RAND 36) were directly influenced by surgery. However, no studies have investigated which of these two variables (QOL or HRQOL) is more heavily influenced by socioeconomic variables. Therefore, the primary aim of this study was to investigate whether discordant socioeconomic status and subjective social class were associated with discrepancies between HRQOL and QOL scores.
Methods

Study sample & design
Data for this study were drawn from the Korean Longitudinal Study of Aging (KLoSA), a nationwide multistage, stratified, cluster sampling survey of Koreans dwelling in the community. KLoSA is conducted by the Korea Labor Institute to collect the basic data needed to devise and implement effective social and economic policies that address emerging trends related to population aging. The original KLoSA study population comprised South Koreans aged 45 years or older in 2006 who lived in 15 large administrative areas. The survey is repeated every even-numbered year.
In the baseline survey in 2006, 10,254 individuals in 6171 households (1.7 individuals per household) were interviewed using a computer-assisted personal interviewing method. The second survey, in 2008, followed up with 8688 subjects, representing 86.6 % of the original panel. The third survey, in 2010, followed up with 7920 subjects, representing 80.3 % of the original panel. Finally, the fourth survey, in 2012, followed up with 7486 subjects, representing 76.2 % of the original panel. We used only 2008 and 2010 data, which included a household income question targeted at adults over the age of 45.
Of these participants, we excluded 435 subjects with no information on our variables of interest (household income, education, and subjective social class) for 2008. In addition, we excluded two subjects with no QOL data for 2008, and one subject with no data of any kind in 2008. We also excluded nine subjects with no information on our variables of interest (household income, education, and subjective social class) for 2010. In addition, we excluded two subjects with no QOL data for 2010, and two subjects with no data at all for 2010.
Korean Longitudinal Study of Aging (KLoSA) data are available in a national public database (website: http:// www.kli.re.kr/klosa/en/about/introduce.jsp) and thus, ethical approval to conduct the study is not needed.
Independent variables Household income
Household income was divided into tertiles using the SAS rank function, from lowest (1) to highest (3).
Education level
Education was categorized into three groups: (1) middle school or lower, (2) high school, and (3) college or higher.
Subjective social class
Subjective social classes were determined by asking the respondents to assess their social class and rank themselves. The items were coded so that a higher score indicated a higher subjective social class. The item was rated 1 (Low-Low) to 6 (High-High). The response "LowHigh" or "Low-Low" indicated "Low," "Middle-Low" or "Middle-High" indicated "Middle," and "High-High" or "High-Low" indicated "High."
Gap between socioeconomic stratum and subjective social class 
Dependent variables HRQOL
We used the Euro-QoL visual analog scale (EQ VAS) to measure HRQOL. The HRQOL was measured as a response to the simple question "How do you usually perceive your health-related quality of life?" [31, 32] . This scale was specifically designed to capture overall health status. The HRQOL recorded the respondent's current health state on a vertical, visual analog scale. The endpoints were labeled "best imaginable health state" (100) and "worst imaginable health state" (0). This information was used as a quantitative measure of health outcomes as judged by the individual respondents.
Subjective QOL
The subjective QOL was measured using the simple question "How is your overall quality of life?" and was a proxy indicator of the current health status of each respondent. Subjective QOL recorded each respondent's current overall state on a vertical, visual analogue scale ranging from "best imaginable overall state" (100) to "worst imaginable overall state" (0). To assess QOL, an instrument measuring general well-being was used. The subjective QOL instruments included items addressing physical function, role-physical, bodily pain, general health, vitality, social function, role-emotional, and mental health.
Difference in HRQOL and QOL
We analyzed the difference between HRQOL and QOL as a dependent variable.
Control variables
Age was divided into seven categories: ≤49, 50-54, 55-59, 60-64, 65-69, 70-74, and ≥75 years. Residential regions were categorized as urban (Seoul, Daejeon, Daegu, Busan, Incheon, Kwangju, and Ulsan) or rural (areas not classified as a city). Individuals were classified as currently married or not currently married, with the latter group including those previously married, widowed, or divorced. Employment status was divided into two categories: employed and unemployed (the latter category including housewives and students). Individuals were categorized as current users, former users, or never users of alcohol and cigarettes. Number of contact with friends was divided into five categories: every day, 1-2 times a week, 1-2 times a month, 3-6 times a year, and never. Self-rated health was assessed with the question "How do you usually perceive your health?" [33] . A response of "insufficient" or "very insufficient" was considered to indicate "Bad," the response "normal," was considered to indicate "Normal," and a response of "sufficient," or "very sufficient" was considered to indicate "Good." The presence of self-reported depressive symptoms, categorized as "yes" or "no," was extracted from the response to the question "Have you ever felt sadness or despair that hindered everyday life and continued for 2 weeks or more during the last year?" The number of chronic diseases (hypertension, diabetes, cancer, pulmonary disease, liver disease, coronary heart disease, cardiovascular disease, mental disease, and arthritis) was also included in our models, as were the number of offspring and year (time) of survey.
Analytical approach and statistics
Analysis of variance (ANOVA) and generalized linear mixed models were used to investigate the effect of gap between socioeconomic stratum and subjective social class on difference HRQOL and QOL among old adults. For all analyses, the criterion for significance was P ≤ 0.05, two-tailed. All analyses were conducted using the SAS statistical software package version 9.2 (SAS Institute Inc., Cary, NC, USA).
Generalized linear mixed effects model (SAS® Proc Glimmix)
Proc Glimmix is a generalized linear model procedure that permits the specification of a mixed multiple regression model. In a generalized linear mixed model, the observations of one individual over time are not independent of each other, and the model also takes into account the fact that the repeated observations of each individual are correlated. In all mixed models presented, only the intercept was allowed to vary between subjects, and regression slopes were assumed to be fixed effects; random intercept models were applied to our data. The random intercept variance is reported as σ 2 . To determine whether the probability of a difference between HRQOL and QOL changed over time, we included time (year of survey) in the model as a categorical covariate; the regression coefficient was used to estimate both the change in probability of a difference between HRQOL and QOL and the association with our independent variables, annually. Table 1 presents the general characteristics of the 8250 research subjects at baseline as well as the association between each variable of interest and HRQOL, QOL, and the difference between HRQOL and QOL ( Table 1) . Table 2 shows the effects of various variables of interest on the difference between HRQOL and QOL. The baseline weighted mean differences between yearly HRQOL and QOL among individuals whose household income matched their subjective social class was −5.8 for individuals with high incomes and of high social class, −6.0 for those with medium incomes and of medium social class, and −5.2 for those with low incomes and of low social class (Table 2 ). In addition, Table 2 includes a scale indicating the effects of overestimated, accurate, or underestimated socioeconomic status, as reflected in subjective assessments of social class. When an individual's subjective social class was higher than his/her socioeconomic status, as measured by household income, the difference between HRQOL and QOL was −2.724 (P < 0.0001); when an individual's subjective social class was higher than his/her socioeconomic status, as measured by education, the difference between the two measures was −2.553 (P < 0.0001). Table 3 indicates the impact of the gap between subjective social class and household income (Fig. 1) and education (Fig. 2) on the difference between HRQOL and QOL scores (Table 3) . Individuals with low household incomes and of low subjective social class were the most likely to display a positive difference between HRQOL and QOL scores (B = 4.796; P < 0.0001), while those with high household incomes and of high subjective social class were the least likely to exhibit such a discrepancy (B = −3.625, P = 0.000). Similarly, individuals with a low education level and of low subjective social status were the most likely to exhibit a positive difference between HRQOL and QOL scores (B = 4.670; P < 0.0001), while individuals with a high education level and of high subjective social status were the least likely to do so (B = −3.115, 95 % CI: 0.568-0.862).
Results
In addition, we analyzed the associations between HRQOL and QOL discrepancies and socioeconomic status (as measured by household income and education) and subjective social class ( Table 4 ). The adjusted effect of the gap between socioeconomic status and subjective social class on the difference between HRQOL and QOL increased across the socioeconomic spectrum, but similar findings were not found with respect to household income.
Discussion
In this study, our primary purpose was to investigate the impact of disadvantaged socioeconomic status and subjective social class on QOL measurement tools (QOL and HRQOL). Furthermore, we focused on determining which dependent variable (HRQOL or QOL) is more heavily influenced by socioeconomic variables. To do so, we conducted a longitudinal assessment of a nationally representative sample of adults aged 45 years and higher in South Korea.
Overall, the variation in QOL observed in relation to SES was greater than the variation observed in HRQOL (Appendix 1 and 2), but subjective social class was more strongly associated with both HRQOL and QOL than either income or education (Appendix 3).
We found that gaps between income and subjective social class were associated with increased differences between HRQOL and QOL, as were gaps between education and subjective social class. The QOL scores of individuals of high subjective social class tended to be higher than their HRQOL scores, whereas the HRQOL scores of individuals of low subjective social class tended to be higher than their QOL scores. This trend was observed at all levels of household income and education. That is, for a given household income, the probability that HRQOL was higher than QOL increased as subjective social class decreased. Similarly, the probability of HRQOL being higher Fig. 1 Adjusted effect of the gap between income and subjective social class on difference between HRQOL and QOL Fig. 2 Adjusted effect of the gap between education level and subjective social class on difference between HRQOL and QOL than QOL was elevated in individuals with low household income (or low education) and of low subjective social class. Our results indicated that within any socioeconomic stratum, those of low subjective social class tended to exhibit a greater difference between HRQOL and QOL scores.
These associations were independent of sociodemographic variables (age, sex, residential region, income, education, marital status, and employment status), health risks and behavioral variables (amount of contact with friends, smoking status, and alcohol use), health status (selfrated health, depressive symptoms, and number of chronic diseases), number of offspring, and the year of the survey.
Research has suggested that patients suffering from depression exhibit similar or worse subjective QOL scores than patients with chronic medical conditions or other severe mental illnesses (e.g., schizophrenia or bipolar disorder) [23] . Furthermore, researchers have found that effective treatments for depression do not always improve subjective QOL [34, 35] . It is generally agreed that subjective QOL is a construct determined by multiple factors [36] . Researchers have suggested that various clinical, sociodemographic, or biological factors may moderate subjective QOL and that value systems and cultural factors in particular may have a strong influence.
To date, there have been few studies examining the relationship between SES and HRQOL in Asian countries. Lam et al. examined the effect of HRQOL on health service utilitilization and validated the SF12 Health Survey in a Chinese sample [37] . In addition, several recent studies have examined SES and HRQOL, but all have focused on special populations such as the elderly living alone [38] , the elderly with hearing impairments [39] , or patients with diseases [40] . Meanwhile, studies regarding QOL and its relation to sociodemographic characteristics in South Korea have yielded inconsistent findings [41, 42] . Suh [42] found that education, income, employment status, and stage of disease impacted QOL, whereas age, religion, marital status, and type of adjunct therapy do not. However, Shim and Park [41] reported that "being religious" was the only sociodemographic characteristic that influenced QOL; age, education, employment status, income, time since operation, and number of chemotherapy rounds did not. QOL, as defined by the World Health Organization (WHO), is a multidimensional construct with numerous physical, psychological, social, and economic components [28] . Despite the uncertainty inherent in the definition, HRQOL is a construct of high clinical relevance, as recent research has shown that it is an important predictor of other health outcomes [43] . Therefore, it has become increasingly important to understand the socioeconomic factors that influence QOL, including HRQOL [44] , and our findings support previous research on this subject. Our study's purpose was to explore two separate socioeconomic measures and their effects on differences between HRQOL and overall QOL. In conclusion, the combination of high income-based status and subjective social class was found to have a greater impact on the difference between HRQOL and QOL scores (when comparing between HH and LL groups) than the combination of high educationbased status and subjective social class. In addition, the combinations of household income/subjective social class and education/subjective social classes were both found to have an impact on the difference between QOL and HRQOL. Further studies are needed to test our hypothesis by developing precise socioeconomic measures (income, education and subjective social class) and determining their predictive value with respect to QOL or HRQOL.
Our study has a number of strengths and limitations. A major strength is that the participants in the survey are representative of the overall South Korean adult population and, because the sample size is large, our results can be generalized to the national level. Nevertheless, the potential for bias exists. For example, current household income may not adequately represent the standard of living for retired individuals, because it may not reflect all financial resources available; in addition, it disregards the cumulative effects of a lifetime of deprivation or privilege. Moreover, because current income may be a product of recent health, associations between income and health are subject to reversecausation problems. A second problem is that respondents' reports of their social class, depressive symptoms, QOL, and HRQOL are subjective and imperfect measures that may be affected by false consciousness or adaptation to resources. Third, because personality characteristics are likely to be associated with both subjective social class and QOL, including HRQOL, failure to include them in statistical models may lead to a distortion of the results and an exaggeration of observed effects. In addition to the above potential biases, which are likely to inflate the associations between subjective social class and some health variables, we recognize that our estimates may understate the potential effects of all factors on the difference between HRQOL and QOL due to the short follow-up period in our analysis. Fourth, although we analyzed longitudinal data, the results may reflect a bidirectional relationship in the association between the difference between HRQOL and QOL and disadvantaged socioeconomic status and subjective social class.
Conclusions
According to our results, combined measures of household income/subjective social class and education/subjective social classes were both found to have an impact on the difference between QOL and HRQOL. Therefore, socioeconomic inequalities should be taken into account when designing interventions focusing on psychosocial factors. Our study provides additional evidence that gaps between socioeconomic status and perceived position in the social hierarchy may have important health implications with regard to the difference between HRQOL and QOL. 
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